Introduction
Salinity in agricultural production fields is one of the most important factors negatively affecting soil productivity and limiting product yield. Soil salinity is observed particularly in arid and subarid locations where rainfall is low (Allakhverdiev et al., 2000; Parida and Das, 2005; Koca et al., 2007) . If irrigation is performed in such ecological conditions, salinization may occur rapidly. Salt that is in the lower layers of soil is carried to ground level during evaporation due to capillarity, where it then accumulates because of the root section of the plant. Inappropriate application of irrigation, excessive amounts of soluble salts in irrigation water, and insufficient drainage are other reasons for salinization (Epstein et al., 1980) . Salinity is an abiotic stress that limits growth and development in plants. The reaction of plants to excess NaCl is complicated and induces changes in their morphology, physiology, and metabolism (Hilal et al., 1998) . Strawberry plants are regarded as a salt-sensitive crop and it has been shown that salt stress conditions unfavorably affect plant growth and yield Yildirim et al. 2009 ).
Growth-promoting rhizobacteria, including aminocyclopropane carboxylate deaminase (ACCD), decrease stress-induced plant ethylene levels and contribute to plant growth and development. ACCD is found in soil bacteria and is thought to play an important role in enzyme-bacteria associations. In this case, if soil bacteria include ACCD, the plant ethylene level can be decreased and protection can be provided against the blocking effect of stress. Decreased ethylene levels allow plants to be more resistant to various environmental stresses. Growth-promoting rhizobacteria showing ACCD activity provide protection against excess water, organic polluters, pathogens, heavy metals, high salinity, and drought stress (Çakmakçı, 2009) .
Abiotic stress resistance in mycorrhizae is made possible by the distribution of extraradical hyphae, formed by arbuscular mycorrhizal fungi (AMF), in the soil, thus absorbing nutrients that are bound in the soil and carrying them to roots. Extraradical hyphae absorb the water in soil and increase plant resistance to aridity. In addition, mycorrhizal plants are more resistant to soil salinity and Abstract: In this study, the effects of plant development-promoting bacteria (Bacillus cereus RCP 3/1 + Rhizobium radiobacter RCR 11/2) (including the aminocyclopropane carboxylate deaminase enzyme) and different salt stress conditions (0, 30, and 60 mM/L NaCl) on the San Andreas variety of strawberry were studied on a number of harvest days. Some biochemical changes due to mycorrhizal fungus applications (including some Glomus species) were investigated as well. In the trial, as salt concentration increased, total phenolics and lipid peroxidation (malondialdehyde (MDA) content) increased compared to the control. The effects of salt concentration and experimental applications on total phenolic content reached their maximum on day 45, while their effects on MDA reached a maximum on day 30. In terms of applications, the mycorrhizal application decreased both total phenolics and MDA content. When the interaction of salt and applications was examined, the highest MDA content (3.568 µM g -1 FW) and total phenolics amount (0.343 mg g heavy metals (Turkmen et al., 2008) . Mycorrhizae protect plant roots from other pathogenic organisms and also protect plants against heavy metal toxicity caused by environmental factors and salt stress (Harley and Smith, 1983) .
In this study, the effects of some rhizobacterial and mycorrhizal applications on the salt stress resistance of plants and the biochemical changes occurring in the process were examined.
Materials and methods

Growth conditions and plant material
The research was conducted at the Bozok University Agriculture and Nature Sciences Faculty, Gedikhasanlı Research and Application Field, in Yozgat. Medium dayneutral frigo San Andreas seedlings were planted in vases filled with a perlite:turf mixture at a ratio of 1:1 (25 × 18 × 20 cm) on 6 May 2013. The research was established with 1 cultivar × 3 salt concentrations (0, 30, and 60 mM/L NaCl) × 4 applications (mycorrhizae, bacteria, mycorrhizae + bacteria, and control) × 3 repetitions × 20 seedlings in each repetition for a total 720 seedlings in a factorial trial pattern according to a randomized block design.
Bacteria application
The bacteria used in the application were isolated from tea rhizosphere soils in 56 different agroclimatic locations in the Rize and Trabzon regions and were defined according to MIDI system methods, FAMEs analysis, and the BIOLOG system. In the samples prepared by suitable methods, FAMEs extract was separated in a gas chromatograph (HP 6890; Hewlett Packard, USA) by a silica capillary column and 5% phenyl methyl silicone. Parameters were automatically determined by computer program. Peak diagnosis was made according to calibration standards (Microbial ID 1200-A) and the FAME profiles belonging to the bacteria were determined according to TSBA 40 and MIS data. The phosphate-dissolving and nitrogenfixing capacities of bacteria were determined using the methods of Çakmakçı et al. (2010) . Bacteria isolates were diluted in nutrient broth. Final concentrations of suspensions prepared with distilled water and their fresh culture developed at 25 °C for 24 h ranged to up to 10 9 cells/mL. The strawberry seedling roots were kept in the bacteria suspension for 60 min. The lab tests of these bacteria isolates were as follows: Bacillus cereus RCP 3/1 + Rhizobium radiobacter RCR 11/2 combination containing 1-aminocyclopropane-1-carboxylate deaminase (ACCD) ( Table 1) .
Mycorrhizal application
In the mycorrhizal application, preparations in commercial powder form containing nine different Glomus fungi were used. In the preparation content, the fungi types and percentages were: Glomus intraradices (21%), Glomus aggregatum (20%), Glomus mosseae (20%), Glomus clarum (1%), Glomus monosporus (1%), Glomus deserticola (1%), Glomus brasilianum (1%), Glomus etunicatum (1%), and Gigaspora margarita (1%). Mycorrhizal applications were performed by mixing 10 L of water with 250 g of the packaged fungi and inoculating the plant roots with the resulting solution before planting.
Salt applications
Forty days after plantation (when 3-4 leaves were formed, or 17 June 2013), salt solutions including 0, 30, and 60 mM/L NaCl were applied at an amount of 100 mL twice a week. Plants were removed 0, 15, 30, 45, and 60 days after salt application and analyses were made. In order to ensure that plants were nourished, 100 g of 12-2-14 fertilizer solution (11.7% nitrate, 0.3% ammonium, 2% phosphoric acid, 14% potassium, 6% calcium, 3% magnesium, and trace elements) per pot were applied three times a week.
Lipid peroxidation
Lipid peroxidation was determined by estimating the malondialdehyde (MDA) content in 1 g of leaf fresh weight according to Madhava Rao and Sresty (2000) . MDA is a product of lipid peroxidation via thiobarbituric acid reaction. MDA concentration was calculated from the absorbance at 532 nm (correction was done by subtracting the absorbance at 600 nm for unspecific turbidity) by using the extinction coefficient of 155 mM cm -1 . 
Total phenolics analysis
Extraction was made using the method of Kiselev et al. (2007) as a basis. Accordingly, samples weighing 2 g were pressed, 10 mL of 96% ethyl alcohol was added, and they were kept in a water bath for one night at 45 °C after being stirred in a homogenizer for 2 min. At the end of this period, the samples were centrifuged for 5 min at 4000 rpm and the supernatant part containing phenolics compounds was taken and evaporated in a rotary evaporator at 45 °C until completely dried. After that, the extracts were dissolved in methyl alcohol and used in analyses. Total phenolics material analysis was made using the Folin-Ciocalteu colorimetric method according to Singleton and Rossi (1965) . The readings in the spectrophotometer were made at a wavelength of 765 nm and total phenolic contents were determined by using a piece prepared by standard gallic acid solution as mg/g in terms of gallic acid.
Data analysis
The experiment was arranged in a randomized block design with three replications. Data were tested by SPSS 20.0 for Windows. The differences between the means were compared using Duncan's multiple range test (P < 0.05).
Results
The seedlings, subjected to either applications (mycorrhizae, bacteria, and mycorrhizae + bacteria) or control (no application), were later subjected to NaCl with concentrations of 0, 30, and 60 mM/L. Total phenolics and lipid peroxidation analyses were made of the leaf samples taken during harvests on days 0, 15, 30, 45, and 60.
Total phenolics
Within the scope of our study, it was determined that effects of salt concentrations, applications, harvest days, salt × application interactions, and day × salt × application interactions on total phenolics were statistically significant. When the effects of salt concentrations were examined, it was understood that total phenolics increased due to salt concentration. The results showed that the total phenolic content of leaves was 0.277 mg g -1 with 60 mM/L NaCl concentration and 0.143 mg g -1 in the control. According to harvest days, the highest value (0.322 mg g -1 ) was observed with the 60 mM/L NaCl concentration on day 45, while it decreased in all salt applications on day 60. In terms of the control, total phenolics were the highest (0.242 mg g ). According to harvest days, the highest average value was obtained on day 45 (Table 2) .
When the effect of salt × applications is considered, the control application was found to be the highest (0.343 mg g -1 ) at the 60 mM/L NaCl concentration, while it was found to be lowest in the mycorrhizal application (0.223 mg g -1 ). Therefore it was statistically separated from other applications ( Table 3) .
As for day × salt × application interaction, on day 0 at 60 mM/L NaCl concentration, the highest total phenolics content was detected in the control application (0.384 mg g -1 ). On each harvest day, as the salt amount increased, total phenolics content was the highest in the control application and the lowest in the mycorrhizal application (Figure 1 ). 
Lipid peroxidation
Lipid peroxidation (MDA content) in the leaf tissues of strawberry cultivar San Andreas plants under salt stress and treatments for the periods of 0, 15, 30, 45, and 60 days are given in Tables 4 and 5 and Figure 2 . The effects of salt concentrations, applications, harvest days, the salt × application interaction, and the day × salt × application interaction were determined to be statistically significant according to MDA content.
When the effects of salt concentrations were examined, it was understood that the MDA amount increased with increasing salt concentration. At 0 mM/L NaCl concentration, the average MDA value was 1.744 µM g -1 FW, while it was 2.861 µM g -1 FW at a concentration of 60 mM/L NaCl. When harvest days were examined, it was observed that MDA content reached the highest average values on day 15 and day 30 (2.547 and 2.648 µM g -1 FW, respectively). In terms of control (where no application was made), MDA content was the highest (2.698 µM g -1 FW), while it was the lowest in the mycorrhizae-only application (1.890 µM g -1 FW) (Table 4) . When the effects of salt and applications were examined, MDA content was 3.544 µM g -1 FW in the 60 mM/L NaCl × control application, while it was 2.272 µM g -1 FW for the same salt amount in the mycorrhizae-only application (Table 5) .
According to day × salt × application interaction, on day 15, at 60 mM/L NaCl concentration, the highest MDA amount was detected in bacteria-only application (4.249 µM g -1 FW) while it was 1.807 and 2.246 µM g -1 FW on the same day at NaCl concentrations of 0 and 30 mM/L NaCl, respectively (Figure 2) . ) in the leaf tissues of strawberry cultivar San Andreas plants under salt (0, 30, and 60 mM/L NaCl) stress and applications (control, mycorrhizae, bacteria, and mycorrhizae + bacteria) for 0, 15, 30, 45, and 60 days.
Discussion
High NaCl content in soil is a prevalent environmental stress in arid and subarid regions that decreases plant yield and growth (Greenway and Munns, 1980) . Plants can respond to salt stress with morphological or cellular changes in order to prevent stress or increase their tolerance. In addition to their internal protective systems against stress, plants grow thanks to a certain number of soil microorganisms that relieve stress symptoms (Kapoor et al., 2008) .
Phenolics are significant protective components of leaf plant cells. The synthesis of phenolics is generally affected in response to different biotic/abiotic stresses, including salinity (Parida et al., 2004) . Similarly, in our study the total phenolic content was also affected by notable changes because of salt stress. Moreover, Hichem et al. (2009) reported that such variations in concentrations of leaf phenolics within a plant under salt stress in relation to leaf age may be due to the reflection of different requirements for counteracting abiotic stresses at different growth stages. Ashraf et al. (2010) showed that although root zone salinity significantly decreased leaf phenolic content in two hexaploid bread wheat (Triticum aestivum L.) cultivars (S-24, salt-tolerant; MH-97, salt-sensitive), this reduction in phenolic content was only observed at the booting stage. At the other growth stages, such an inhibitory effect of salt stress on leaf phenolics contents was not observed in either cultivar.
The ecological implications of mycorrhizal associations in natural ecosystems and the role of soil or environmental factors, mycorrhizal fungus characteristics, and host plant properties alone or in combination are considered (Brundrett, 1991) . One of the cell parts where stress-related oxidative damage has the most effect is the cell membrane. As a result of oxidative damage, lipid peroxidation occurs in cell membranes and the permeability of the membrane is damaged. Cellular fluid cannot be kept inside the cell and plant death occurs. Lipid peroxidation can be measured with the help of MDA, which is a byproduct of this process released due to cell damage. Large amounts of MDA indicate damage in the cell membrane, while low levels indicate that the cell membrane structure is not damaged or is only affected at a minimum level. Yaşar et al. (2007) , in their study made on watermelon, observed low levels of MDA in salt-resistant species or genotypes while they observed higher MDA measurements in saltsensitive species or genotypes. According to this study, MDA is released as a product of lipid peroxidation formed in the cell membrane as a result of oxidative damage. They also stated that MDA amounts and ion leakage were high in genotypes whose cell membranes were damaged. Yıldız et al. (2008) , in a study performed with various strawberry species, determined an increase in MDA amounts in 10 strawberry species subjected to a 100 mM NaCl application when compared to the control. In a study by Yılmaz and Kına (2008) , increasing salt applications did not affect MDA content in Kabarla and Gloria cultivars at the same level. In Gloria, contrary to what was expected, MDA tended to decrease initially, followed by an increase at the highest dose. In Kabarla, although quite a high MDA content was observed compared to the control plants at first dose, it decreased in subsequent salt applications. Similarly in our study, MDA amount also increased due to increasing salt concentrations.
Overall, AMF altered the root morphology of the strawberry plants. Total phenolics and MDA content were enhanced with the presence of AMF under salinity stress. AMF inoculation enhanced strawberry plant growth and alleviated the negative effects of salt stress. The results confirmed the potential of applying mycorrhizal biotechnology in sustainable horticulture in arid and semiarid areas. 
